The action of chronic irradiation (dose rate 2.9 Gy/day) on human lymphocyte culture was investigated. Whole blood was irradiated at 370C. Aliquots (0.2 ml) of whole blood were cultivated by the standard method. A medium containing phytohemagglutinin was added immediately after irradiation. All structural chromosome-and chromatid-type changes were recorded. The experimental data showed that the conditions of irradiation of lymphocytes affected neither the background level of chromosome damage nor their radiosensitivity. The obtained dose-response curve of chromosome aberrations was described by a linear regression, which then became a plateau. There is no statistically significant difference between the results for the low doses (10-50 cGy) of chronic and acute radiation.
Introduction
The problem of the biologic action of low doses of y-radiation recently has received much attention. There is experimental evidence that the risk factors at low doses of acute y-irradiation are greater than expected when extrapolating the high-dose data to lower doses. It was shown by Russell (1) that the yield of mutations per unit dose in the range of very small doses was greater than in the range of higher doses. Similar data were obtained in experimental studies of cytogenetic damage (2-4), transformation (5) , and cell survival (6, 7) . Under environmental conditions, however, long-term (chronic) exposure to ionizing radiation of low-dose rate often takes place. In areas of a higher radiation exposure an increase in the level This paper is based on a presentation at the International Conference on Radiation and Health held 3-7 November 1996 in Beer Sheva, Israel. Abstracts of these papers were previously published in Public Health Reviews 24(3-4): 205-431 (1996) . Manuscript received at EHP 12 August 1997; accepted 3 October 1997.
of cytogenetic damage was observed, which was most clearly pronounced in peripheral blood lymphocytes of children (8) CO2 for 51 hr. Two parallel cultures were set up for each point examined. The same group of donors was used in all schemes of the study.
Whole blood (2 ml) in plastic test tubes was irradiated continuously at 37oC with a chronic y-field for 0.5, 1, and 2 days at a dose rate of 0.61 cGy/hr with cumulative doses of 7, 13.3, and 27 cGy, respectively. In the case of acute irradiation the samples were irradiated in the dose range of 10 to 50 cGy and 2 Gy at a dose rate of 47 cGy/min. Blood samples from each donor were irradiated at each dose simultaneously. The culture medium was added immediately after irradiation. Colcemid (final concentration 0.25 mg/ml) was added at 49 hr-2 hr before fixation. The cells were treated with a 0.075-M KCI hypotonic solution for 15 min at 37°C and fixed in methanol-acetic acid (3:1). The fixed cells were dropped onto wet slides and stained with Giemsa. Cytogenetic analysis was carried out with 50 to 100 cells in metaphase scored from each blood slide. At least four slides were monitored per person. Dicentrics, centric rings, and chromosome and chromatid deletions, including gaps, were recorded. The data were treated statistically and expressed as mean ± standard error.
In one set of experiments the effect of conditions of chronic irradiation on the frequency of spontaneous chromosome aberrations in human lymphocytes was investigated. In this case eight donors were used (two donors were ill).
In the second set of experiments the effect of storage conditions on lymphocyte radiosensitivity was studied. Blood samples stored for different periods of time were irradiated with a single acute dose of 2 Gy. In these experiments blood samples from the same 10 individuals were used at all storage times. However, after 2 days of storage lymphocytes from only five donors were able to divide.
In the third set of experiments the dose dependence of the yield of chromosome aberrations induced by low doses of acute and chronic y-radiation were studied. Lymphocytes from the same 10 donors were used in these experiments. For acute irradiation cases, the blood samples were irradiated without storage and the cultures set up immediately after exposure. Frequencies of chromosome aberrations for each experimental point were computed as an average yield for all individuals minus the frequency in control.
Results and Discussion
First we studied the effect of storing the blood samples at 370C for 1 and 2 days on the yield of chromosome structural damage in nonirradiated cells. As seen in Table 1 , storing blood samples under these conditions did not affect the background level of chromosome damage.
The effect of storage conditions on lymphocyte radiosensitivity was examined by irradiating blood samples with a single 2-Gy dose ( Table 2 ). Data in Table 2 indicate that there is no statistically significant difference between the average yields of damage per cell for the storage times used. Thus, the storage of blood samples at 370C for 2 days affected neither the background level of chromosome damage nor their radiosensitivity. This suggests that the culture of peripheral blood lymphocytes can be used for studying the effect of chronic irradiation.
It can be seen in Figure 1 Our previous studies (4) have shown that the dose-response curves for micronucleus induction in Chinese hamster fibroblasts, root cells, and dry seeds of Viciafaba exposed to acute and chronic y-radiation were also described by a step function. At very low doses the dependence of cytogenetic damage on dose can be fitted by a linear regression, which then becomes a plateau in the case of fibroblasts and root cells in the dose range of 50 to 100 cGy and a dose range of 8 to 32 Gy for dry seeds. The plateau in a radiosensitive system of human lymphocytes was observed at lower doses than in a radioresistent system of Chinese hamster fibroblasts and Viciafaba (4) . We have shown that caffeine, which inhibits the repair of cytogenetic damage, did not increase the number of cells with micronuclei in the first linear region of the dose-dependence curve and did increase it in the dose interval of the plateau (4, 14) . These results suggest involvement of the repair processes in the formation of chromosome aberrations in the dose range corresponding to the plateau. It could be assumed that the initiation of repair occurs only at a definite level of damage and that the increased yield of cytogenetic damage at low radiation doses is attributable to an insignificant contribution or the absence of repair processes. We have also shown that treating Chinese hamster cells with ,B-mercaptoethylenamine, a well-known radioprotector, results in the extension of the plateau up to 2 Gy. This is evidence that the plateau does exist and our interpretation of the experimental results is correct (14) .
Our investigation indicates, therefore, that it is possible to use peripheral blood lymphocytes to study the effect of chronic low-dose irradiation in vitro. The dosedependence curves of chromosome aberrations in a culture of human lymphocytes exposed to acute and chronic y-irradiation are described by a step function in the dose range of 0 to 50 Gy and almost coincide.
